A simple in situ cell-based SUMOylation assay 
Abstract

26
Here, we show that the SUMO conjugation reaction can be visualized by simply incubating SUMO-1 is a small ubiquitin-related protein modifier that is conserved from yeast to human.
38
The attachment of SUMO-1 to a target protein, referred to as SUMOylation, is mediated by the 39 enzymatic cascade reaction 1) . SUMOylation begins with a SUMO-activating enzyme (also called an summarize the process as follows. The expression in E. coli of (His) 6 -GFP-SUMO-1gg and
59
(His) 6 -GFP-SUMO-1g, a SUMOylation deficient mutant, were described previously 3, 4)
. The under both growth conditions (Figs 2A and C) . However GFP signals in this assay were somehow 82 weaker than the signals detected in previous methods (data not shown). In contrast, when the 83 bacterial lysate containing (His) 6 -GFP-SUMO-1g was used, no prominent signals were detected 84 (Fig. 2B) . Since SUMO-1g is a SUMOylation deficient mutant 3)
, these results imply that the GFP 85 signals detected by (His) 6 -GFP-SUMO-1gg might represent covalent conjugation, rather than 86 non-covalent interaction with components at the edge of the nucleus. Unlike previous methods, we 87 could detect the GFP-SUMO conjugation at the nuclear rim in the absence of excessive amounts of 88 recombinant E1 and E2, suggesting the existence of endogenous E1 and E2 that might remain after 89 digitonin-treatment. It should be noted that, when GFP-fused SUMO-3gg was used in this simple in 90 situ SUMOylation assay, we found that the distribution of GFP-SUMO-3gg was similar to that of 91 GFP-SUMO-1gg; i.e. the nuclear rim was clearly labeled with GFP-SUMO-3gg (data not shown).
92
Thus these results indicate that the improved in situ SUMOylation assay is highly applicable for 93 studying SUMOylation using cells cultured under the different growth conditions.
94
Using a previously developed in situ SUMOylation assay to screen small molecules, Fukuda (Fig. 3B) , supporting not only the idea that our assay is useful for investigation of small 103 compounds, but also the notion that accumulation of GFP-SUMO-1gg at the nuclear rim represents 104 active SUMOylation, rather than non-covalent SUMO-protein interaction.
105
In sum, we develop an in situ cell-based SUMOylation method which is simpler, cheaper and 106 more rapid than previously described assays. The assay described here will be more easily 
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